Abstract-The present work describes a new learning methodology based on the latest scientific research aimed at the three-dimensional macro-photogrammetric reconstruction of welds, which allows the generation of teaching materials aimed at the acquisition and evaluation of competencies in the nondestructive testing laboratory activities without the need for a physical displacement to the physical installation. This methodology, which can be cataloged within those based on virtual laboratories, is applicable in e-learning courses or can also be used as support material for face-to-face programs, mainly in the bachelor's and master's related to mechanical, naval and aeronautical engineering. The distribution of the packages is easy to load in learning management system in order to work with the models with open software, easily and without the need for additional costs.
I. INTRODUCTION (HEADING 1)
Currently, the use of different methodologies oriented to the acquisition of competencies in the field of virtual laboratories (VLs) is gaining a greater relevance in universitylevel higher education [1] . There are numerous works that address it for science and engineering bachelors [2] [3] . Some of them raised with a low cost criteria [4] , also being outstanding those works oriented to the middle classes [5] .
This type of teaching methodologies is extending horizontally and vertically. One possible reason lies in the high cost of certain laboratory facilities. This circumstance, on numerous occasions, acts as an impassable frontier that avoid the access to the practical training and the contents of disciplines that treasure a high activities into the laboratories, workshop or, simply, need specific training facilities. This can cause an impediment for the students enrolled in scientific or technical specialized programs. Another reason that justifies the methodological designs based on virtual laboratories is the need to provide distance training that does not force the students to move to laboratory facilities, especially in programs of a blended or distance nature based on learning management system (LMS) [6] . Every time there are more universities that offer studies in e-learning modalities. Another important justification to impulse this type of initiative is based on the high numbers of students enrolled in the first years of the university programs, together with material limitations (number of classrooms, laboratories, etc.) and a lack of human resources. All of these issues make learning only by practical exercises into the laboratory classroom difficult [7] . Furthermore, e-learning programs are ideal for working or with family-commitments people.
The design of this type of virtual materials is based on the new emerging technologies that can overcome some of the potential difficulties in the science and engineering. These include: computer graphics, augmented reality, computational dynamics, and virtual worlds [8] .
In addition, with the use of technologies oriented to the substitution of physical laboratories, other teaching objectives are achieved [3] . On the one hand, it is possible to solve the problem of having large groups in contexts of highly specialized laboratories, which sometimes results in large agglomeration of students around tangible elements (machines, tools, equipment, samples, etc.). On the other hand, it is corroborated that, in laboratory training contexts, certain specifics details of the working methodologies or the operations using advanced equipment are not correctly appreciated by the students, mainly due to the high rate of execution of the activities or, even, due to the small size from the area where the practical activity takes place. In this regard, virtual contexts for teaching laboratory, workshop or facilities allow an ad-hoc design of the area of interest, of the needed materials, and the interaction with them gives the student all the time he/she needs to acquire knowledge and skills, avoiding some complications arising of the manipulation into the laboratories of dangerous substances, machines or equipment, even with polluting potential.
As indicated in [9] , the visual inspection of the welds is a high-relevance test, applied to the detection of imperfections and superficial defects, which together with the internal defects constitute the defectology of more frequent appearance in the welds [10] . The visual inspection serves to give a general overview of the overall state of the welding and to make an early detection of possible flaws and imperfections and, like all the majority tests of quality in welds, is regulated by quality international standards. It would be, therefore, a kind of "header test" that, sometimes, by itself can guarantee the quality of a welding or that can result in partial or total rejection of the same or raise the need for application of more precise techniques that allow to inspect the interior of the material. All this justifies the needed of a complete learning in the application of this type of test in engineering students.
Welding engineering is a subject which needs a high number of practical lessons in laboratory contexts. The tests used in welding are commonly visual inspection, magnetic particles, penetrating liquids, electric currents, ultrasound and radiographic methods. A first approach for the possible virtualization of the non-destructive welding test by the ultrasonic technique has been carried out in [3] in an ideal virtual environment context. However, to date there is no evidence of the existence of remote training methods for the visual inspection test, being this one of the most used tests in welding inspection. For implement it, the inspector needs to have a dilated knowledge and experience since this kind of test is not entirely based on quantitative methods or on sophisticated measurement equipment. The greater burden of the procedure falls on the qualitative and subjective interpretation done by the welding inspector about the surface quality of the welds. For this goal, taking measurements is absolutely necessary. Sometimes, they are not made accurately due to the absence of objective measurement methods (normally manual and inaccurate gadget kits are employed).
To train a professional in the welding visual inspection test, the teaching-learning process must be adapted to the requirements of the international standards where a series of pathologies are numbered as well as the acceptance or rejection criteria of the welds criteria [11] [12] that, on the other hand, are generally based on directly made on the welding geometric measurements. The institutions which provide training for the Visual Inspection test normally must have numerous training specimens that allow the student knows the different types of flaws and imperfections. These specimens are only acquired for training activities and their costs are substantial, since each of them must shows a specific type of defect (some are difficult to reproduce), so that the student can contextualize it within the defectology provided in the standard and measure the defect in order to assess the dangerousness (emulating the real field work conditions). The approximate cost of each specimen is approximately between 200 and 3,000 $, depending on the type of welding (T or L welds, butt welds, double T welds, pipe welds, tube-based structures, etc.) and also depends on the type of material (mainly steel or aluminum).
The high cost of each specimen, together with the need to have several different ones (since, as has been said, each one exhibits a specific defect and there are numerous types of defects) makes difficult to have this type of material in laboratories or workshops with a specific orientation to the welding training.
In order to generate the models, we have used the macrophotogrammetric technique. It is an oriented to 3D reconstruction method based on single specimen acquired with macro-lens images which allows the generation of complete points clouds and 3D models with a high accuracy. The more widely use of photogrammetry is the reconstruction of great scenarios but the combination of photogrammetry with a macro lens, allows the reconstruction of little and close target, as the welds (this technique is classified into the called Close Range Photogrammetry). The application of macro-photogrammetry for visual inspection tasks over welding has been addressed in recent scientific works [9, [13] [14] [15] . These studies demonstrated the correct adaptation of the macro-photogrammetry models of the weld to tasks related with the visual inspection. Models can reach a submillimeter accuracy, which is sufficient to implement accurate measures directly over the virtual models in the industrial context, even with more guarantees than those provided by the physical traditional measurements instruments (used in visual inspection of welds) over the real weld. One of the main advantages of the macro-photogrammetry process is the possibility of generate full models with texture (chromatic and radiometric reality).
In [16] , a methodology with a similar objective based on laser scanning is raised. In this matter, the accuracy of the laser scanning is generally better than the accuracy of photogrammetry and the data-acquisition process is easier, but this technique does not allow the application of texture over the model (unlike the macro-photogrammetry), allowing only the obtaining of the 3D geometry. The models without texture present a logistic limitation for learning use, since the students must use two different materials simultaneously: the 3D model (for the geometry) and the photographic images (for the texture). For this reason, the technique presents in [16] could be used if a high precision model is needed but for standards learning conditions, the option of photogrammetry is more versatile because by macro-photogrammetry, we can have all the needed information about the weld integrated justly in one model. In the following table (Table I) Page 1577
In this conference paper, the macro-photogrammetric as advanced tool for welding inspection has been adapted to generate learning materials which integrate all the parameters necessaries for the acquisitions of the competences in visual inspection of weld (geometry and texture) within the university bachelor's and master's programs, in order to improve the instruction in welding inspection into the bachelor's and master's levels.
II. MATERIALS AND METHODS

A. Materials
The specimens (Table II) consist on a steel butt weld and on T aluminum weld. The welding procedure used is Tungsten Inert Gas welding (TIG). These kinds of specimens have been specifically chosen due to the high usability of these materials and welding procedures in the structural and machines. For this reason, we consider that the use of these types of specimens is representative for the learning and evaluation of competences in the welding laboratory context into the bachelor's and master's programs. In this way, if the technique could be validated for these specimens, the technique will also be extensively validated to other welding dispositions with similar geometry.
A commercial Digital Single-Lens Reflex (DSLR) camera Canon EOS 700D with a Sigma 50 mm macro lens is used. A tripod is used for the stabilization of the camera in order to get a high exposure times. In order to improve the illumination conditions, two standards lamps are used. A box with white and translucent walls is also used to obtain a diffuse lighting source. Since the objective is to provide scaled models, a rigid magnetized scaled sticker is placed close to the specimen in order to scale the models. It is important to note that the cost of all the described material is less than 1,500 $.
The software applied to reconstruct the models is Graphos [17] . It is open photogrammetric software which provides both non-expert and expert users an easy-to-use platform that incorporates the recent developments in photogrammetry and computer vision, for their uses in complex scenarios and objects. For the visualization of the models, the software chosen is CloudCompare [18] . It is a specific open software for point clouds 3D processing, which allows, for this matter, an easy visualization of the models and the interaction with it based on measurement, sectioning and other geometrical possibilities to get the maximum potential within the virtual learning context.
B. Methods
For the design of these type of virtual materials, authors previously set the requirements criterion (economy, reality and quality) shown in Table III. The methodology implemented to design this type of learning materials is established in Fig. 1 . Before preparing the materials, a depth reflection about the viability of the based on virtual models learning method has to be carried out. In this phase, university professors should ask themselves if is possible fulfill the criteria established in Table III . In this case, it was found that the virtual models met the previously established conditions. After this phase, a technical process of virtualization of the models is implemented. The macrophotogrammetry procedure implemented starts with the acquisition of photographic images of the welds using the DSLR camera, a tripod and the rest of elements described in materials section. For the reconstruction of the models is applied the processing developed in [9] . For this aim, the software Graphos is employed [17] . Due to the limitations of the short communications, we prefer invite to the reader to consult the reference [9] where the macro-photogrammetry reconstruction process is fully detailed. The final model consists of a three-dimensional point clouds. This can be directly visualized or it can be even meshed with the aim of generating solids models of the welds. Non-experimented for learning.
Macrophotogrammetry
High accuracy. Low cost. Global models (geometry + texture). 
III. RESULTS
The results of the model are shown in Fig. 2 . As the reader can corroborate, the models present a correct geometrical and chromatic fidelity to ensure the suitable acquisitions of the competences in visual inspection of welds. The measurement tasks for the geometrical inspection can be implemented directly over the model using open source software CloudCompare [18] . This software will be used for all learning and evaluation tasks. The higher size file is 300 MB but, for example, using a filtering of the points (10%), the size file is reduced up 22.1 MB. This spatial based filtering is modulated according to the spatial point density to maintain adequate geometric qualities for the academic use, enabling the easy loading in LMS platforms, where these types of models can be easily integrated into the working package along with the tutorials, the international standards and the evaluation of competences activities.
The learning and evaluation materials integrated in the working packages will be, on the one hand, the 3D macrophotogrammetric model and, on the other hand, the international standards which establish quality criteria of the welds and also the tutorials specified designed to get the autonomous use of the software (in this case, CloudCompare is proposed). With these materials, students will have sufficient information for the acquisitions of competences in this matter within the need to go to the real laboratories.
For the evaluation of competences, in the same package, an evaluation material to assess the acquisitions of competences in visual inspection of welds will be included. It consists on short answers tests programmed in LMS with immediately correction about different aspects to evaluate if the students have really get the ability to differentiate different flaws and imperfection, following the protocol established in the international standards. The objective is that the students work with the models at the same time that she/he accomplishes the questions. In this way, a tests type exam will be upload in LMS platform, these tests address the skills in visual recognition of defects over a given model for this aim. A collection of virtual specimens of welds will be included into the working packaged: some of them will be included specifically for the learning task together with the didactical material and another model will be included to evaluate the competences. This last model will be unlocked at the time of the evaluation and, in the same moment, the student will have access to a test which contains queries about the evaluation 3D model. The evaluation competences methodology consists of the student, always in real time, analyzing the 3D model with the techniques specified in this article and responding the test questions.
An intrinsic evaluation is done by the professors, authors of this conference paper. We evaluated if the material allows the accomplishment of the criteria previously established in Table   TABLE III III. We can verify that economic, reality and quality criteria can be achieve using the material package. However, a detailed educational research has to be addressed in order to ensure the correct competences acquisitions by the students in this aim. This matter will be done as future work and a Control Group and Experimental Group will be established in order to compare the traditional methodology with the based on virtual models methodology.
IV. CONCLUSIONS
The purpose of this short communication is to present a new tool for the acquisition and evaluation of competences in visual inspection of welds, mainly in e-learning bachelor's and master's programs. The material is per se an innovation in the engineering education topic, because we have not record of a similar initiative in the literature.
Models are generated following a macro-photogrammetry process specifically designed by the authors [9, [13] [14] [15] , which has been widely researched in the industrial field. In this way, the advances in this aim could be also used to improve the elearning process in engineering and it has been always the objective of the authors. These models have an important advantage with respect only scanned models: they have either geometry or texture integrated in the same model, in this way, the proposed is more versatile being this an advance with respect to what was raised in [16] .
The models together with the quality regulations and the tutorials and evaluation tasks make up a work package (Fig 3) , which can be loaded in LMS platforms because the possibility to obtain low size file has been addressed in this paper. These packages have as objective ensuring that the learning and the acquisitions of the competences and evaluate them. Finally, authors have done an internal evaluation of the material and they have concluded that the material can be used to improve skills in the ambit of welding inspection. Futures works will address a fully integral experimental educational research to assess the academic performance of the models into the classroom.
